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(57) ABSTRACT 
The invention relates to a method and device for determining 
a reliable position of an aircraft. The device (1) includes 
means (3,10) for determining different aircraft position val 
ues and means (8, 16, 18) for deducing a reliable position 
therefrom, using coherence tests and a consolidation method. 
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1. 

METHOD AND DEVICE FOR DETERMINING 
A RELIABLE POSITION OF AN AIRCRAFT 

The present invention relates to a method and a device for 
determining a reliable current position of an aircraft, particu 
larly a transport airplane. 

To guide an aircraft in the most accurate manner possible, 
it is necessary to have available, in real time, information 
relating to its position, which is very reliable. This will be 
particularly true with future precision aerial operations of 
RNP AR type (“Required Navigation Performance with 
Approbation Required”), on approach and on takeoff, which 
make it a requirement to navigate inside a corridor and not to 
depart therefrom. Relief or other aircraft may potentially be 
situated outside this corridor. Patent application FR-2887 
329 describes a particular display device which is adapted to 
an operation or procedure of RNP type. According to such a 
procedure, the aircraft is generally guided in accordance with 
a predetermined flight plan, while having to comply with 
strict performance constraints. 

Moreover, it is known that in general the operations of RNP 
type are operations which are carried out essentially with the 
aid of routine receivers associated with a satellite global navi 
gation system of GNSS type (“Global Navigation Satellite 
System’’) which encompasses the gamut of existing satellite 
navigation systems (GPS, Galileo, etc.), with the aid of an 
inertial system, and with the aid of at least one flight manage 
ment system for example of FMS type. 

Generally, the flight management system or systems com 
pute a position of the aircraft for the remainder of the other 
onboard user systems. Accordingly, each flight management 
system uses, in general, either information received directly 
from said receivers of GNSS type (that is to say receivers 
associated with said GNSS system), or hybrid information 
using inertial data, to implement a selection algorithm and to 
construct (calculate) a position of the aircraft. It will be noted 
that patent application FR-2888 643 describes a method for 
determining a ground position of an airplane using inertial 
data. 
Now, the position calculation is implemented in a flight 

management system according to a simple chain, which is 
effected with software of DAL C type or of DAL B type. 
Moreover, the GNSS receiver and the inertial system are at 
least of DAL B type. Hence, these various means do not make 
it possible to determine a reliable position of the aircraft 
(including in degraded cases), capable of Supporting critical 
aerial operations, such as future aforementioned operations 
of RNPAR type. 

It is known that one of the major problems posed by the 
operations of RNPAR type is that they are based on the use of 
a position that is very reliable, both horizontally and verti 
cally. 

At the present time, the operations of RNPAR type are still 
regarded as non-precision approach operations and are there 
fore compatible with the use of a routine flight management 
system for the calculation of position. However, one of the 
characteristics of the operations of RNPAR type is that the 
aircraft must journey along a precise path in space to avoid 
much closer potential obstacles (mountain, etc.) than is com 
monly carried out today. 

Moreover, even if from a current regulatory point of view, 
the specific reliability requirement is satisfied with the afore 
mentioned routine architectures, there will be a significant 
advantage in having in the future an architecture that is sig 
nificantly more robust to positional failures in the context of 
said future operations of RNP AR type, which will be 
regarded as precision operations. 
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2 
Moreover, a device for aiding the piloting of an aircraft 

during a non-precision approach in a landing phase is known 
through document EP-1 464 576. The object of this device is 
to assess the integrity, precision and availability of measure 
ments and information, and especially of position values for 
the aircraft, which are provided by onboard equipment. 
Accordingly, regarding the position values, this prior docu 
ment makes provision: 

to evaluate the integrity and the precision of said position 
values; 

to verify the consistency between a position value (for the 
aircraft), calculated by a flight management computer 
FMS, and a position value received from a GPS system; 
and 

in order to Verify this consistency, to simply calculate the 
difference between the two position values and to com 
pare it with a predetermined value. 

The object of the present invention is to remedy the afore 
mentioned drawbacks. It relates to a method which makes it 
possible to determine a particularly reliable position of an 
aircraft, doing so without having to significantly modify the 
means, especially the computers, currently existing on an 
aircraft for implementing this method, and without disturbing 
the existing user systems. 

For this purpose, according to the invention, said method 
according to which, in a step a), at least three first position 
values which each relate to the current position of the aircraft 
are produced, each of these three first position values is pro 
duced on the basis of information arising respectively from 
onboard receivers which are associated with a satellite posi 
tioning system, for example of GNSS type, is noteworthy in 
that the following operations are moreover carried out: 

b) consistency tests are implemented to verify whether or 
not these first position values are mutually consistent, these 
consistency tests (specified below) making it possible to 
declare for each of said first position values whether or not it 
is valid in terms of reliability; 

c) at least two second position values which each relate to 
the current position of the aircraft and which correspond to 
hybrid position values are calculated with the aid of said first 
position values and with the aid of inertial information; 

d) consistency tests are implemented to verify whether said 
second position values are mutually consistent, these consis 
tency tests making it possible to declare for each of said 
second position values whether or not it is valid in terms of 
reliability; and 

e) on the basis of at least certain of said first and second 
position values which have been declared valid by means of 
the consistency tests implemented in said steps b) and a 
(so-called consolidated) reliable current position of the air 
craft is determined with the aid of a consolidation scheme 
(specified below). 

This reliable current position of the aircraft can be trans 
mitted to any type of user system onboard the aircraft. 

Thus, by virtue of the invention, and especially by virtue: 
of the consideration of two types of position values, 

namely said first position values which are produced 
with the aid of the information provided by onboard 
receivers and said second position values which are cal 
culated with the aid of these first position values and 
inertial information; 

of the consideration only of first and of second position 
values which have been declared valid in terms of reli 
ability; and 

of the implementation of a particular consolidation 
Scheme, specified below, 

a particularly reliable position of the aircraft is obtained. 
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Furthermore, as specified further below, to implement said 
method, it is not necessary to overly modify, structurally and 
electrically, the existing systems (especially the computers). 
Moreover, the implementation of said method has no reper 
cussions on the user systems, which therefore need not be 
modified when they use the reliable position determined with 
the aid of the method in accordance with the invention. 

In an advantageous manner, in steps a) and c), a probability 
space is determined for each position value, each probability 
space being centered around the corresponding position value 
and defining the volume in which, with a probability greater 
thana predetermined threshold (for example 107/flying hour 
or 10/flying hour), the actual position of the aircraft is 
situated. 

Furthermore, according to the invention, said consistency 
tests implemented in step b) or in step d) consist in testing 
pairwise (first or second) position values, and each consis 
tency test consists in determining a threshold value which 
depends on the radii of the probability spaces associated with 
the two tested position values and in comparing the distance 
between these two position values with said threshold value, 
so that, if said distance is greater than this threshold value, a 
problem of reliability exists between the two tested position 
values. If a reliability problem exists, it is possible to deter 
mine the position value which is not valid by carrying out 
consistency tests pairwise with at least two different position 
values. 

Moreover, it will be noted that the aforementioned docu 
ment EP-1 464 576 does not disclose, in particular, the fol 
lowing characteristics of the present invention: 

determining, that is to say calculating, a reliable position. 
Indeed, this prior document provides only for verifying 
the reliability of position values which are obtained in a 
routine manner; 

implementing the particular series of aforementioned steps 
a) to e) to calculate the reliable position; 

calculating this reliable position on the basis of first and 
second position values of different origins, which have 
previously been declared valid; and 

using the aforementioned particular consistency tests, 
which are based on a calculation of probability spaces, to 
Verify the consistency between position values. 

Preferably, the consistency tests implemented in step b) or 
in step d) are carried out in at least two different computers, 
thereby making it possible to protect the implementation of 
the method in accordance with the invention against a pos 
sible failure of one of said computers. 

In a particular embodiment, if a (first or second) position 
value is declared invalid in one of steps b) and d), a fault of an 
onboard technical means is indicated, which is responsible 
for the lack of reliability of this position value. 

Moreover, according to the invention, the consolidation 
scheme implemented in step e) and specified below, can also 
be used in steps b) and d) to determine a first auxiliary reliable 
position or a second auxiliary reliable position, on the basis of 
said first position values or of said second position values. 
Such a first so-called consolidated auxiliary reliable position 
can be transmitted to a user system which customarily uses 
one of said first position values. This applies by analogy to the 
second so-called consolidated auxiliary reliable position. 

It will be noted that the above characteristics can also be 
applied to third position values which correspond to (current) 
inertial positions of the aircraft and which are determined by 
an inertial system. These third position values can represent 
said inertial information also used to calculate said second 
position values. 
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4 
Furthermore, in order to increase the precision of the cal 

culation of said second position values (hybrid position Val 
ues), in step c), these second position values are determined 
only with the aid of first position values which have previ 
ously been declared valid in step b). 

Furthermore, a preferred consolidation scheme consists: 
C.) in conducting consistency tests to Verify all the pairs of 

position values, for example a first position value and a sec 
ond position value, with the aim of eliminating a position 
value that may be unreliable with respect to the others. Such 
a consistency test can be based, for example, on the deviation 
between each position value and on the probability space 
associated with each position value; 

B) in conducting performance tests to identify, from among 
the position values tested as consistent (that is to say reliable) 
in step C), the best pair of position values, namely that exhib 
iting the best reliability. Such a performance test can be based, 
for example, on the deviation between each position value 
and on the probability space associated with each position 
value; and 

Y) in calculating, on the basis of the best pair of position 
values determined in step B), an intermediate position value, 
as well as an associated probability space. This intermediate 
position value can correspond, for example, to the mean or to 
a weighted barycenter of the position values of said best pair. 
This intermediate position value represents the most reliable 
calculable position value (that is to say the aforementioned 
consolidated reliable current position). 

This consolidation scheme is valid if there exist at least two 
available position values. It is however more effective if there 
exist at least three available position values. 

Preferably, said consolidation scheme is implemented in at 
least two different computers, thereby making it possible to 
protect the implementation of the method in accordance with 
the invention against a possible failure of one of said com 
puters. 

Moreover, in a particular embodiment, in step a), two of 
said receivers used are intended in a routine manner for navi 
gation, and a third of said receivers used is intended solely for 
monitoring. This makes it possible in principle to always have 
a first position value, since the simultaneous loss of the posi 
tion in respect of monitoring and navigation is very improb 
able. 
The present invention also relates to a device for determin 

ing a reliable position of an aircraft, in particular of a transport 
airplane. 

According to the invention, said device of the type com 
prising a system able to produce at least three first position 
values which each relate to the current position of the aircraft, 
said system comprising onboard receivers which are associ 
ated with a satellite positioning system (for example of GNSS 
type) and which are, each, able to provide information mak 
ing it possible to produce a first position value, is noteworthy 
in that it comprises moreover: 

first means for implementing consistency tests making it 
possible to verify whether these first position values are 
mutually consistent, these consistency tests making it 
possible to declare for each of said first position values 
whether or not it is valid in terms of reliability; 

second means for calculating, with the aid of said first 
position values and with the aid of inertial information, 
at least two second position values which each relate to 
the current position of the aircraft and which correspond 
to hybrid position values: 

third means for implementing consistency tests making it 
possible to verify whether said second position values 
are mutually consistent, these consistency tests making 
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it possible to declare for each of said second position 
values whether or not it is valid in terms of reliability; 
and 

fourth means for determining, on the basis of at least cer 
tain of said first and second position values which have 
been declared valid by said first and third means, a 
reliable current position of the aircraft, by implementing 
a consolidation Scheme. 

The present invention also relates to an aircraft fitted with 
Such a device. 
The figures of the appended drawing will elucidate the 

manner in which the invention may be embodied. In these 
figures, identical references designate similar elements. 

FIGS. 1 and 5 to 7 are schematic diagrams of various 
embodiments of a device in accordance with the invention. 

FIGS. 2A, 2B, 3A, 3B, 4A and 4B are diagrams which 
make it possible to properly explain the characteristics of a 
consistency test in accordance with the invention. 
The device 1 in accordance with the invention and sche 

matically represented in FIG. 1 is carried onboard an aircraft, 
in particular a transport airplane, not represented, and is 
intended to determine in real time a current position of this 
aircraft, which current position must be very reliable. 

Said device 1 is of the type comprising a system 2 which is 
able to produce at least three first position values. Each of 
these first position values is a value indicating the current 
position of the aircraft. Said system 2 comprises units 3 which 
are associated with a satellite positioning system, preferably 
with a satellite global navigation system of GNSS type (“Glo 
bal Navigation Satellite System’’) which encompasses the 
gamut of existing satellite navigation systems (GPS, Galileo, 
etc). These units 3 are each able to produce at least one first 
position value. 

In a routine manner, each of these units 3 comprises: 
a routine receiver 4, furnished with an antenna, which 
makes it possible in particular to receive information 
from satellites forming part of said satellite positioning 
system; and 

calculation means 5 which are connected by way of a link 
6 to said receiver 4 and which are formed so as to 
determine, in a routine manner, on the basis of the infor 
mation received, a first position value. 

These units 3 can transmit, in a routine manner, this posi 
tion information to user systems (not represented) of the 
aircraft, by way of a link 7. 

According to the invention, said device 1 comprises more 
OVer 

means 8 for implementing consistency tests making it pos 
sible to verify whether the first position values, received 
from said units 3 on each occasion by way of a link9, are 
mutually consistent. These consistency tests specified 
below make it possible to declare, for each of the first 
position values received from said units 3, whether or 
not it is valid in terms of reliability; 

units 10 which are each connected by way of a link 11 to 
said units 3 (especially in the example of FIG. 1) and 
which are formed so as to calculate, in a routine manner, 
second position values which each represent the current 
position of the aircraft and which correspond to hybrid 
position values. Accordingly, said units 10 each com 
prise a calculation means 12 which determines a second 
position value on the basis of a first position value 
received from a unit 3 and on the basis of inertial infor 
mation received by way of a link 13 from means 14. The 
various means 14 can form part of a routine inertial 
system; 
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6 
means 16 which implement consistency tests making it 

possible to verify whether the second position values 
received by way of links 17 from said units 10 are mutu 
ally consistent. These consistency tests specified below 
make it possible to declare, for each of these second 
position values, whether or not it is valid in terms of 
reliability; and 

means 18 for determining, on the basis of at least certain of 
said first and second position values which have been 
declared valid by said means 8 and 16, a reliable current 
position of the aircraft, by implementing a consolidation 
scheme specified below. 

In a particular embodiment, said means 8 and 16 form part 
of one and the same unit 19 which carries out all the consis 
tency tests, and said means 8, 16 and 18 are integrated into a 
computer 20 which is able to transmit the results of the pro 
cessings carried out by these means 8, 16 and 18, and espe 
cially said reliable position of the aircraft, by way of a link 21 
to routine user systems (not represented) of the aircraft. 

Furthermore, the units 3 are, for example, landing aid mul 
timode receivers of MMR type (“Multi Mode Receiver”). 

Thus, by virtue of the invention, and especially by virtue: 
of the consideration of two types of position values, 

namely said first position values which are produced (by 
the units 3) with the aid of the information provided by 
onboard receivers 4 and said second position values 
which are calculated (by the units 10) with the aid of 
these first position values and inertial information; 

of the consideration (by the means 18) only of first and of 
second position values which have been declared valid 
in terms of reliability (by the means 8 and 16); and 

of the implementation (by the means 18) of a particular 
consolidation scheme, specified below, the device 1 
makes it possible to calculate and to transmit, in real 
time, a particularly reliable, current position of the air 
craft. 

Furthermore, to make said device 1, it is not necessary to 
overly modify, structurally and electrically, the existing sys 
tems (especially the computers). Moreover, this device 1 has 
no repercussions on the user systems, which therefore need 
not be modified when they use the reliable position deter 
mined by it. 

Said means 5 determine, in addition to each first position 
value, an associated probability space. Each probability space 
is centered around the corresponding first position value and 
defines the volume in which, with a probability greater thana 
predetermined threshold (for example 107/flying hour or 
10/flying hour), the (current) actual position of the aircraft 
is situated. 

Likewise, said means 12 also determine, for each second 
position value, an associated probability space. In this case, 
each probability space is centered around the corresponding 
second position value, and it defines the Volume in which, 
with a probability greater than a predetermined threshold (for 
example 107/flying hour or 10/flying hour), the (current) 
actual position of the aircraft is situated. 

In a particular embodiment, the consistency tests imple 
mented by said means 8 consist in testing pairwise first posi 
tion values received from said units 3. Likewise, said consis 
tency tests implemented by said means 16 consist in testing 
pairwise second position values received from said units 10. 
It will be noted that said test means, instead of being inte 
grated into the computer 20, can also be integrated into each 
of said units 3 and into each of said units 10. 

In a preferred embodiment, to implement a consistency test 
with (first or second) position values P1 and P2, the means 8 
and/or the means 16 comprise: 
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an element for determining a threshold value VS which 
depends on the radii HPL1 and HPL2 of the probability 
spaces (illustrated by circles C1 and C2 in FIGS. 2A to 
4B) associated with the two position values P1 and P2 
tested; and 

an element for comparing the distance P1 P2 betweenthese 
two position values P1 and P2 with said threshold value 
VS, so that, if said distance P1 P2 is greater than this 
threshold value VS, a problem of reliability (or of con 
sistency) exists between these two position values P1 
and P2 tested. 

If a reliability problem exists, the means 8 and 16 can 
determine the position value which is not valid by carrying 
out consistency tests, pairwise, with at least two different 
position values. 

In a first example represented in FIGS. 2A and 2B, said 
threshold value VS corresponds to the minimum value of the 
radii HPL1 and HPL2. In this case: 

in the example of FIG. 2A, as P1 P2<VS, the two values P1 
and P2 are mutually consistent; and 

in the example of FIG. 23, as P1 P2>VS, the two values P1 
and P2 are not mutually consistent. 

In this first example, two position values P1 and P2 are 
mutually consistent if each circle C1, C2 illustrating a prob 
ability space encompasses the center of the other circle. 

In a second example represented in FIGS. 3A and 33, said 
threshold value VS corresponds to the sum of the radii HPL1 
and HPL2. In this case: 

in the example of FIG.3A, as P1 P2<VS, the two values P1 
and P2 are mutually consistent; and 

in the example of FIG.33, as P1 P2>VS, the two values P1 
and P2 are not mutually consistent. 

In this second example, two position values P1 and P2 are 
mutually consistent if the two corresponding circles C1 and 
C2 exhibit an intersection. 

Furthermore, in a third example represented in FIGS. 4A 
and 42, said threshold value VS corresponds to the maximum 
value of the radii HPL1 and HPL2. In this case: 

in the example of FIG.4A, as P1 P2<VS, the two values P1 
and P2 are mutually consistent; and 

in the example of FIG. 4B, as P1 P2>Vs, the two values P1 
and P2 are not mutually consistent. 

In this third example, two position values P1 and P2 are 
mutually consistent if at least one circle C1, C2 encompasses 
the center P1, P2 of the other circle. 

Preferably, the consistency tests implemented by the 
means 8 and those implemented by the means 16 are carried 
out in at least two different computers, thereby making it 
possible to protect the processings in accordance with the 
invention against a possible failure of one of said computers. 

In a particular embodiment, the device 1 comprises, as 
represented in FIG. 5, means 22 which are for example inte 
grated into each unit 3 and which are formed so as to search 
for (and then to indicate) a fault of an onboard technical 
means, in particular of the receiver 4, when a first position 
value has been declared invalid with the aid of a consistency 
test of the aforementioned type. 

Furthermore, in a particular embodiment, said device 1 
also comprises means 23 (represented in FIG.5) which are for 
example integrated into each unit 10 and which are formed so 
as to search for (and then to indicate) a fault of an onboard 
technical means, when a second position value has been 
declared invalid with the aid of a consistency test of the 
aforementioned type. 

Furthermore, in a particular embodiment, in order to 
increase the precision of the calculation of the second posi 
tion values (hybrid position values), the units 10 determine 
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8 
these second position values only with the aid of first position 
values which have previously been declared valid. 

Moreover, to implement a consolidation scheme, said 
means 18 comprise elements (not represented): 

C.) intended to conduct consistency tests to verify all the 
pairs of position values, for example a first position value and 
a second position value, so as to eliminate any position value 
which is unreliable with respect to the others. Such a consis 
tency test can be based, for example, on the deviation between 
each position value Pi, P and on the probability space HPLi, 
HPL associated with each position value Pi, P.; 

B) intended to conduct performance tests to identify, from 
among the position values tested as consistent, the best pair of 
position values, that is to say that exhibiting the best reliabil 
ity. Such a performance test can be based, for example, on the 
deviation between each position value and on the probability 
space associated with each position value; and 

Y) intended to calculate, on the basis of the thus determined 
best pair of position values, an intermediate position value, as 
well as an associated probability space. This intermediate 
position value can correspond, for example, to the mean or to 
a weighted barycenter of the position values of said best pair. 
This intermediate position value represents the most reliable 
calculable position value (that is to say the aforementioned 
consolidated reliable current position Pc). 

This consolidation scheme is valid if there exist at least two 
available position values. It is of course more effective if there 
exist at least three available position values, for example three 
or four position values. 
The aforementioned step B) therefore consists in determin 

ing from among the consistent pairs the best pair. The crite 
rion for finding this best pair is the following: Piand P is the 
best pair if and only if the sum HPLi+HPL+(Pi-P) is a 
minimum. 

Furthermore, the aforementioned step Y) consists in deter 
mining the consolidated position Pc. This can be carried out 
according to one of two different options: 
a) option 1: Pe is the median of Pi and Pi, that is to say 
Pc=/2|Pi+P; 
b) option 2: Pc is the weighted barycenter of Pi and Pi, that is 
to say 

|Pi-Pe|=g|Pi-Pi with q=%||1+(HPLj-HPLi)/Pi— 
Pill. 

Furthermore, said step Y) also makes it possible to deter 
mine the radius HPLc of the probability space associated with 
said consolidated position HPLc. According to the invention, 
this radius HPLc is calculated on the basis of one of the 
following relations: 

option 1: HPLC-Max(HPLi, HPLj)+/3|Pi-Fi a) 

option 2: HPLc=1/3, HPLi+HPLj+|Pi-Fi I. b) 

Moreover, the consolidation scheme implemented by said 
means 18 can also be used to determine a first (consolidated) 
auxiliary reliable position or a second (consolidated) auxil 
iary reliable position, on the basis respectively of said first 
position values or of said second position values. Such a first 
auxiliary reliable position can be transmitted to a user system 
which customarily uses one of said first position values. This 
applies by analogy to a second auxiliary reliable position. 

It will be noted that the above characteristics can also be 
applied to third position values which correspond to (current) 
inertial positions of the aircraft and which are determined by 
a routine inertial system comprising for example the means 
14. These third position values can represent said inertial 
information also used by the units 10 to calculate said second 
position values. 
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This consolidation scheme can also be implemented by 
means 24 and 25 which are integrated respectively into said 
units 3 and 10, as represented in FIG. 5. 

Moreover, in a particular embodiment, the consolidation 
scheme consists in determining a reliable position, on the 
basis of at least certain of the first and second valid positions, 
by taking account of the envisaged operational use of the 
reliable position thus determined. 

In a particular embodiment represented in FIG. 6, the 
device 1 comprises two units 3 such as those of FIGS. 1 and 
5 which are especially intended for navigation, as well as a 
unit 27 which is intended only for monitoring. The first reli 
able position values, determined by this unit 27 which is in 
principle similar to the units 3, are not transmitted to a unit 10. 
This distinction between units 3 intended for navigation and 
unit 27 intended for monitoring makes it possible in general to 
always have a first position value, since the simultaneous loss 
of the position in respect of monitoring and of the position in 
respect of navigation is very improbable. Moreover, the 
device 1 can comprise two units 10 connected to the two units 
3 or, as represented in FIG. 6, three units 10, two of which are 
then connected to one and the same unit 3 (via links 11 and 
11A). 

In a particular embodiment, the unit 27 is different as 
regards the hardware and/or as regards the Software, from the 
units 3 so as not to be prone to the same faults. This unit 27 
can, for example, be installed in an autonomous manner and 
possesses a dedicated antenna So as not to have any interac 
tion with the units 3. However, in another variant embodi 
ment, the unit 27 which is installed in an autonomous manner 
can share a GPS antenna with a receiver 4 of one of the units 
3, in particular by virtue of the arrangement of a simple 
element of “signal splitter type. 

This unit 27 starts up in an autonomous manner, without 
external aid, and acquires the signals from the satellites of 
GNSS type. In a variant embodiment, this unit 27 comprises 
a navigation algorithm which is, however, different from 
those of the units 3 so as to benefit in system, from similar 
operation which renders the whole much more robust. 

In another embodiment, the unit 27 is installed in another 
system onboard the aircraft, such as a monitoring system, for 
example of TAWS type (“Terrain Awareness and Warning 
System'). In this case, the position calculated in the monitor 
ing system is emitted on a bus and feeds the logic for calcu 
lating the first position values. The position used by the moni 
toring systems still remains the reliable position consolidated 
with all the available positions. It is only in a degraded case 
that the position of this unit 27 is used directly by the user 
systems of the aircraft. 
The advantage of this embodiment of FIG. 6 is that the 

simultaneous loss of the position in respect of navigation and 
of that in respect of monitoring is improbable. Cases of con 
flicts (calculated position giving a significantly different 
result) between the position used for monitoring and the 
position used for navigation are extremely few. 

Moreover, in the example of FIG. 7, the device 1 takes into 
account four first position values which have been produced 
by four different calculation means 5. These calculation 
means 5 are mounted pairwise in units 3. In each unit 3, two 
calculation means 5 are connected respectively by way of 
links 6A and 6B to the receiver 4. 
A doubling up of the calculation chain in each unit 3 is thus 

obtained as is the outputting of two first position values, with 
their routine performance parameters. 

It will be noted that the following modifications can also be 
made to the units 3: 
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10 
introduction of hardware dissimilarities between the two 

calculation means 5 so as to do away with or reduce the 
probabilities of the common fault modes; and 

doubling up of the receivers 4, and introduction of a signal 
splitter upstream of the receivers 4. 

The invention claimed is: 
1. A method for determining a reliable position of an air 

craft, according to which method the following operations are 
carried out: 

a) producing, by a computer disposed in the aircraft, at least 
three first position values which each relate to a current 
position of the aircraft, each of the at least three first 
position values being produced on a basis of information 
arising respectively from onboard receivers which are 
associated with a satellite positioning system, and deter 
mining for each of the at least three first position values 
a probability space, each probability space being cen 
tered around a corresponding position value and defin 
ing a Volume in which, with a probability greater than a 
predetermined threshold, an actual position of the air 
craft is situated; 

b) implementing consistency tests to Verify whether the at 
least three first position values are mutually consistent, 
the consistency tests making it possible to declare for 
each of the at least three first position values whether or 
not the respective first position value is valid in terms of 
reliability, said consistency tests comprising testing 
position values pairwise, each of the consistency tests 
comprising determining a threshold value which 
depends on radii of the probability spaces associated 
with the two tested position values and comparing a 
distance between the two tested position values with said 
threshold value and determining that a reliability prob 
lem exists if said distance is greater than the threshold 
value; 

c) calculating at least two second position values which 
each relate to the current position of the aircraft and 
which correspond to hybrid position values with an aid 
of said at least three first position values and with an aid 
of inertial information; 

d) implementing additional consistency tests to verify 
whether said at least two second position values are 
mutually consistent, the additional consistency tests 
making it possible to declare for each of said at least two 
second position values whether or not the respective 
second position value is valid in terms of reliability; and 

e) determining, on the basis of at least certain of said at least 
three first and the at least two second position values 
which have been declared valid based on the consistency 
tests and the additional consistency tests implemented in 
said operations b) and d), a reliable current position of 
the aircraft with the aid of a consolidation scheme. 

2. The method as claimed in claim 1, further comprising 
indicating that a fault is responsible for a lack of reliability of 
a specific position value if the specific position value is 
declared invalid in one of operations b) and d). 

3. The method as claimed in claim 1, further comprising, in 
operation b), determining a first auxiliary reliable position on 
the basis of said at least three first position values by imple 
menting a consolidation scheme, the first auxiliary reliable 
position being able to be transmitted to a user system. 

4. The method as claimed in claim 1, further comprising, in 
operation d), determining a second auxiliary reliable position 
on the basis of said at least two second position values by 
implementing a consolidation scheme, the second auxiliary 
reliable position being able to be transmitted to a user system. 
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5. The method as claimed in claim 1, further comprising, in 
operation c), determining said at least two second position 
values only with the aid of first position values which have 
been declared valid in operation b). 

6. The method as claimed in claim 1, wherein implement 
ing the consolidation scheme comprises: 

C.) conducting consistency tests to verify all pairs of posi 
tion values so as to eliminate any unreliable position 
value; 

B) conducting performance tests to identify, from among 
the position values tested in operation C), a pair of posi 
tion values exhibiting the best reliability; and 

Y) calculating, on the basis of the pair of position values 
exhibiting the best reliability, an intermediate position 
value, as well as an associated probability space, the 
intermediate position value corresponding to said reli 
able current position of the aircraft. 

7. The method as claimed in claim 1, wherein in operation 
a), two of said onboard receivers used are intended for navi 
gation and a third of said onboard receivers used is intended 
only for monitoring. 

8. A device configured to determine a reliable position of an 
aircraft, said device comprising: 

a system configured to produce at least three first position 
values which each relate to a current position of the 
aircraft, said system comprising receivers carried 
onboard which are associated with a satellite positioning 
system and which are each configured to provide infor 
mation making it possible to produce the at least three 
first position values, a probability space being deter 
mined for each of the at least three first position values, 
each probability space being centered around a corre 
sponding first position value and defining a Volume in 
which, with a probability greater than a predetermined 
threshold, an actual position of the aircraft is situated; 
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a first implementation section that implements consistency 

tests that enable verification of whether the at least three 
first position values are mutually consistent and make it 
possible to declare for each of said at least three first 
position values whether or not the respective first posi 
tion value is valid in terms of reliability, said consistency 
tests consisting in testing position values pairwise, each 
consistency test consisting in determining a threshold 
value which depends on radii of the probability spaces 
associated with the two tested position values and in 
comparing a distance between the two tested position 
values with said threshold value so that, if said distance 
is greater than the threshold value, there exists a reliabil 
ity problem: 

a calculation section that calculates, with an aid of said at 
least three first position values and with an aid of inertial 
information, at least two second position values which 
each relate to the current position of the aircraft and 
which correspond to hybrid position values; 

a second implementation section that implements consis 
tency tests that (i) enable verification of whether said at 
least two second position values are mutually consistent 
and (ii) make it possible to declare for each of said at 
least two second position values whether or not the 
respective second position value is valid in terms of 
reliability; and 

a determination section that determines, on the basis of at 
least certain of said at least three first and the at least two 
second position values which have been declared valid 
by said first and second implementation sections, a reli 
able current position of the aircraft, by implementing a 
consolidation scheme. 


